Phosphate and silicate have been involved in an environmental problem. The problem has serious consequence in view of the widespread utilization of phosphate and silicate in water softening, surfactants and many other applications. Phosphates were introduced into lakes from inadequately treated sewage containing detergents and water from humans and animals. If in excess quantity, they lower the quality of lake water and cause the death of living organisms by stimulating the growth of alga. Silicate serves as a micronutrient for diatomaceous algae. This type of algae converts soluble silicate to solid silicate, and thus increases the insoluble material percentage of water if used finallys for drinking. 1 Numerous studies have been performed to develop the sensitivity 2-5 and selectivity 6-11 of the polyheteromolybdic acid and polyheteromolybdenum blue procedure, which is a wellknown method to determine the silicate and phosphate. However, the selectivity for the determination of phosphate and silicate in the presence of each other was not sufficient for a direct determination of these anions in material samples. Two well-known procedures were utilized for the simultaneous determination of phosphate and silicate. One was based on kinetic differences in the rates of the formation of two molybdoheteropoly acid 12 and molybdoheteropoly blue. 13 The other procedure was based on utilizing segment flow analysis (FIA). 14 However, these procedures require careful control of the experimental conditions. Derivative spectrophotometry has been found to useful for the direct analysis of mixtures. 15, 16 The simultaneous determination of phosphate and silicate in material samples by a simple and inexpensive method was difficult, due to mutual interference between two anions. The main purpose of the present work was the simultaneous determination of phosphate and silicate by a simple, sensitive and selective method utilizing a relatively inexpensive and popular apparatus.
1
Numerous studies have been performed to develop the sensitivity [2] [3] [4] [5] and selectivity [6] [7] [8] [9] [10] [11] of the polyheteromolybdic acid and polyheteromolybdenum blue procedure, which is a wellknown method to determine the silicate and phosphate. However, the selectivity for the determination of phosphate and silicate in the presence of each other was not sufficient for a direct determination of these anions in material samples. Two well-known procedures were utilized for the simultaneous determination of phosphate and silicate. One was based on kinetic differences in the rates of the formation of two molybdoheteropoly acid 12 and molybdoheteropoly blue. 13 The other procedure was based on utilizing segment flow analysis (FIA). 14 However, these procedures require careful control of the experimental conditions. Derivative spectrophotometry has been found to useful for the direct analysis of mixtures. 15, 16 The simultaneous determination of phosphate and silicate in material samples by a simple and inexpensive method was difficult, due to mutual interference between two anions. The main purpose of the present work was the simultaneous determination of phosphate and silicate by a simple, sensitive and selective method utilizing a relatively inexpensive and popular apparatus.
Experimental

Materials
All chemicals were of analytical-reagent grade and were stored in polyethylene bottles to prevent silicate leaching. Twice-distilled water was used throughout. A phosphate stock solution (1 mg PO4 3-mL -1 : a 0.3582 g of oven-dried KH2PO4) was dissolved in 250 mL of water. A silicate stock solution (1 mg SiO3 2-mL -1 : a 0.6969 g of Na2SiO3·5H2O) was dissolved in 250 mL of water. A molybdenum(VI) solution (0.02 M: a 6.1790 g of (NH4)6Mo7O24·4H2O) was dissolved in 250 mL of water. An acidic molybdate solution (1.6 × 10 -2 M (≈2%): a 2.0 g of (NH4)6Mo7O24·4H2O) was dissolved in 100 mL of 0.6 M hydrochloric acid. 1-Amino-2-naphthol-4-sulfonic acid reagent (ANSA) (3.0 × 10 -3 M) was prepared as reported elsewhere. 1 Stannous chloride (1.3 × 10 -2 M (0.25%): a 0.625 g of SnCl2) was dissolved in 250 mL of 0.15 M hydrochloric acid. Detergent and wastewater samples were obtained from Lang Silicate, and sulfonation factories for synthetic detergents, Tenth of Ramadan City, Egypt. Tap water was obtained from the municipal water of the cities Cairo and Assiut.
Equipment and procedures
The measurements were carried out with a Perkin-Elmer 3B spectrophotometer. The instrument was interfaced with a PC computer, running PECSS software (Perkin-Elmer). All spectra were recorded using 10-mm pathlength quartz cells (wavelength interval, 1 nm ∆λ, 3). Derivative spectra were obtained by a numerical calculation with the aid of the PESSS program using the Sqavitzky-Golay algorithm. 17 Measurement of pH was carried out with a Janco Electronics LTD digital pH-meter with a combined glass-calomel electrode. Simultaneous determination of phosphate and silicate using ANSA. Place a sample or standard solution containing 0.42 -4.9 µg mL -1 of phosphate and 0.22 -2.4 µg mL -1 of silicate in a 25-mL calibrated flask. Add 1.5 mL of 0.5 M sulfuric acid and 2 mL of molybdate and let it stand for 5 min to ensure complete formation of phospho-and silicomolybdic acid. Add 1 mL of ANSA and 10 mL of water. Heat for 30 min in a water bath at 90˚C, cool and then dilute to the mark with water. Record the absorption spectra against a reagent blank. Calculate the firstderivative absorption spectrum of the solution, and then measure the absolute derivative values of their first-derivative spectra at 812 (h1) and 838 nm (h2) for determining the phosphate and silicate concentrations, respectively. Simultaneous determination of phosphate and silicate utilizing stannous chloride.
Transfer a sample or standard solution containing 0.61 -9.2 µg mL -1 of phosphate and 0.41 -3.2 µg mL -1 of silicate into a 25-mL calibrated flask. Add 2 mL acidic molybdate, wait for 5 min, then add 2.5 mL of 1.8 M sulfuric acid, 2 mL of stannous chloride and complete to the volume with water. Measure the first-derivative values in the same manner at 803 (h1) and 703 nm (h2) for phosphorus and silicon, respectively. Simultaneous determination of phosphate and silicate in waste and well water. Add 1 mL of concentrated sulfuric acid to 50 mL of waste or well water in a 100 mL calibrated flask. 1 flask or aluminum foil. Heat in an autoclave for 30 min at 120˚C. If any suspended material is present, filter the sample solution before neutralization. Add drops of phenolphthalein indicator and adjust to a short pink color with 1 M sodium hydroxide. Bring to colorless pH with one drop of the conc. sulfuric acid, then dilute to 100-ml with distilled water. Transfer a suitable aliquot sample to a 25 ml volumetric flask and determine phosphate and silicate simultaneously in the same manner as described in the recommended procedures.
Simultaneous determination of phosphate and silicate in detergents.
Weigh 1 g of a powder or liquid detergent and dissolve in ca. 150 mL of hot water by vigorously stirring for about 5 min. 18 Dilute to 250 mL with water. Take 20 mL of the detergent solution in a 500 mL beaker. Add 30 mL of water, followed by 50 mL of dilute nitric acid. If borates are present, add 30 mL of methanol and vigorously boil for 20 min on a hot plate. Cool the solution rapidly and then add a few drops of phenolphthalein indicator. Add dropwise concentrated sodium hydroxide to neutralize the solution, and then dilute to 250 mL with water. Working solutions are made by proper dilution. Transfer a suitable aliquot sample to a 25 ml volumetric flask. Follow the ANSA or stannous chloride procedure for the simultaneous determination of phosphate and silicate.
Results and Discussion
Optimization of variables
A detailed study of the experimental variables for each complex was performed. The optimal variables are summarized in Table 1 . In the case of stannous chloride, to prevent the reduction of excess molybdate, molybdoheteropoly acids were reduced with sulfuric acid in the concentration range of 0.18 -0.3 M. Thus, 0.18 M (2.5 mL of 1.8 M) sulfuric acid was adopted.
Spectral characteristics
The zero-order spectra of polyheteromolybdenum blue complexes of phosphate, silicate and their mixture are given in Fig. 1a (ANSA) and Fig. 3a (SnCl2) . Because the absorption spectra of phosphate and silicate were very overlapped, derivative technique was utilized. Figures 1b and 3b show the first-derivative spectra of the absorption spectra given in Figs. 1a and 3a.
The higher order derivative spectra were irreproducible and the noise level increased in proportion to the derivative order.
The instrumental parameters, such as wavelength scan rate and wavelength increment for the derivative (∆λ), that affect the shape of the derivative spectra were optimized to give good selectivity and sensitivity. A scan speed of 120 nm min -1 is found to be convenient. To obtain a satisfactory signal-to-noise ratio, the derivative spectrum was recorded at different ∆λ (1 -8). Generally, the noise level decreases with an increase in ∆λ. An optimum ∆λ was obtained using an auto-option width of ∆λ = 3. Figure 1b shows the first-derivative spectra of polyheteromolybdenum blue complexes obtained using ANSA as a reducing agent The first-derivative spectra of phosphate (curve 1) and silicate (curve 2) crosses the zero line at 838 and 812 nm independently of the phosphate and silicate concentrations, respectively. The wavelength of the phosphate (silicate) spectrum corresponding to the zero crossing point of silicate, 812 nm (phosphate, 838 nm), can be a basis for Figure 2a shows a series of the first-derivative spectra of mixtures of 0.68 µg mL -1 of silicate and different concentrations of phosphate from 0.89 to 3.5 µg mL -1 . Regarding Fig. 2b , by keeping the phosphate concentration at 1.32 µg mL -1 , the silicate concentration was varied from 0.22 to 2.1 µg mL -1 . The heights h1 (Fig. 2a) and h2 (Fig. 2b) , corresponding to the values at wavelengths of 812 nm and 838 nm, were proportional to the phosphate and silicate concentrations, respectively.
The first-derivative spectra of polyhetromolybdenum blue complexes of phosphate (curve 1), silicate (curve 2) and their mixture (curve 3) obtained with stannous chloride as a reducing agent is given in Fig. 3b . In this case, the height h1 at 803 nm and h2 at 703 nm were proportional to the phosphate and silicate concentrations, respectively.
Calibration graph and statistical data
Calibration graphs obtained by the ANSA procedure were rectilinear over the range 0.42 -4.9 µg mL -1 for phosphate in both the absence and presence of 0.67 and 2.1 µg mL -1 silicate, and 0.22 -2.4 µg mL -1 for silicate in the absence and presence of 1.3 and 2.0 µg mL -1 phosphate. The linear dynamic ranges for the determination of phosphate and silicate using stannous chloride were 0.61 -9.2 µg mL -1 phosphate in the absence and presence of 1.2 and 3.2 µg mL -1 silicate and 0.41 -3.2 µg mL -1 silicate in the absence and presence of 2.6 and 3.7 µg mL -1 phosphate, respectively. Table 2 summarizes the statistical data obtained from the calibration graphs as well as the RSD and limit of detection (LOD). The test of significance of the intercepts of the regression lines showed that the experimental intercepts "a" did not differ significantly from zero. The experimental value of t, calculated from the quantities texperimental = a/Sa, 19 where "a" is the intercept of the regression equation and Sa is the standard deviation of the "a" are also reported in Table 2 . From a comparison of texperimental for the Student's t-distribution, texperimental never exceeds the 95% criterion of ttheoretical, which is 2.31 for n = 10. Thus, the intercept is not significantly different from zero. The precision of the ANAS or stannous chloride procedure expressed by the relative standard deviation (RSD) (n = 10) for a mixture containing 1.3 µg mL -1 phosphate and 1.35 µg mL -1 silicate ranged between 1.3 -2.5% (cf. Table 2 ). The results given in Table 2 reveal that the application of firstderivative determinations of phosphate and silicate utilizing ANSA or stannous chloride procedure allow for the determination of phosphate in the presence of a 5-fold mass concentration excess of silicate. In turn, silicate can be determined in the presence of a 9-fold mass excess of phosphate. Moreover, the LOD values reveal that the ANAS procedure is more sensitive in the determination of phosphate than the stannous chloride procedure. However, the stannous chloride procedure is more sensitive in the determination of silicate. The non-heating step was the main advantage of the stannous procedure over ANAS procedure.
Effect of foreign ions
The effect of some ions on the simultaneous determination of phosphate and silicate was studied. The tolerance limit was 1463 ANALYTICAL SCIENCES DECEMBER 2001, VOL. 17 within a deviation of ±3s, where s is the standard deviation of the derivative value for the procedure. The results are given in Table 3 . It can be deduced that high concentrations of many cations and anions showed no obvious effect on the derivative values.
Applications
The recommended procedures have been satisfactorily applied to the simultaneous determination of phosphate and silicate in industrial effluents and well-water samples, as well as some types of synthetic detergents. The results were compared with appropriate reference methods 1 by means of an F-test; phosphate was determined by the molybdovanadophosphoric acid method and silicate was determined by the silicomolybdenum blue method with ANSA. The results presented in Tables 4 and 5 show that the proposed method does not differ significantly from the reference method. 
